Background {#Sec1}
==========

Psychosis is often used as a generic description of severe mental illness characterized by delusions, hallucinations, disorganized thinking and speech, and other associated cognitive and behavioral impairments interfering with the ability to meet the ordinary demands of life \[[@CR1], [@CR2]\]. Psychosis is comorbid with a number of mental disorders including, but not limited to, schizophrenia, schizoaffective disorders, bipolar disorders, and major depressive disorders \[[@CR3]\]. Immediately before and after birth, due to changes in medications, sleep deprivation, alterations in hormone levels \[[@CR4], [@CR5]\], and the physiological demands of pregnancy which may temporarily unmask subclinical disease \[[@CR6]\], women may be at higher risk for psychosis, resulting in substantial distress and long-term implications for the wellbeing of mothers, families, and society \[[@CR5]\]. Knowledge concerning the adverse obstetric and neonatal outcomes among pregnant women with psychosis is necessary to provide recommendations for optimal prenatal care \[[@CR7]\].

However, adverse obstetric and neonatal outcomes among pregnant women with psychosis have rarely been studied at the population level, and the evidence base in many areas remains poor \[[@CR5], [@CR8]\]. Early studies on this topic are based on small sample sizes with limited statistical power \[[@CR7]\]. In addition, few studies have adequately accounted for confounders \[[@CR5], [@CR7]\]. Furthermore, the majority of previous studies have focused on schizophrenia, and little is known about the effects of affective psychosis (bipolar or major depressive disorders with psychotic symptoms) in pregnancy \[[@CR9]--[@CR12]\].

Therefore, in this study, we sought to assess the risk of adverse obstetric and neonatal outcomes for US pregnant women with prevalent psychosis, including schizophrenia, affective psychosis, and other psychoses, at the time of delivery in a population-based sample of delivery-related hospitalizations.

Methods {#Sec2}
=======

Database {#Sec3}
--------

The National (Nationwide) Inpatient Sample (NIS) of the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare Research and Quality (AHRQ), is the largest publicly available all-payer (including Medicare, Medicaid, other non-federal payers, and patients who are uninsured) inpatient health care database in the United States \[[@CR13]\]. Approximately 1000 hospitals that represent all types of health facilities are selected for the NIS. Five hospital characteristics --- geographic region, ownership, location, teaching status, and bed size --- are used for stratification to create a representative sample of US hospitalizations \[[@CR13]\]. Before 2012, a 20% stratified random sample of hospitals within the stratum defined by the aforementioned five hospital characteristics was drawn by the AHRQ \[[@CR13]--[@CR15]\]. All discharges from sampled hospitals were included. Beginning with 2012, the NIS was redesigned to improve national estimates, and within each stratum, a 20% stratified random sample of discharges from all HCUP-participating hospitals was drawn by the AHRQ \[[@CR13]--[@CR15]\]. Discharge-level sampling weights based on the sampling scheme are available to obtain national estimates \[[@CR16], [@CR17]\]. Approximately seven million unweighted discharges and 35 million weighted discharges nationally are recorded each year \[[@CR16], [@CR17]\]. The NIS does not allow linkage of patient's records. This study is exempt from review by institutional review boards given the data are publicly available and do not contain personal identifiers. Our study conforms to the Data Use Agreement for the Nationwide Databases from the HCUP.

Study population {#Sec4}
----------------

Our analysis included pregnant women aged 12-55 years who were hospitalized for delivery during 2007-2012. The identification of delivery hospitalizations was predicated upon delivery-related *International Classification of Diseases*, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes and Diagnosis-Related Group (DRG) codes \[[@CR18]--[@CR20]\] (Additional file [1](#MOESM1){ref-type="media"}: Table S1).

Variable specification {#Sec5}
----------------------

### Exposure {#Sec6}

We used the ICD-9-CM diagnosis codes from the same delivery hospitalization to identify psychosis diagnoses. We included women with any (primary or secondary) discharge diagnosis codes for psychosis in the following groups: schizophrenia (ICD-9-CM: 295.\*\*); affective psychosis (ICD-9-CM: 296.\*\*), and other psychoses (ICD-9-CM: 297.\*\* - 298.\*\*) \[[@CR21]--[@CR24]\]. In a validation study, the set of diagnosis codes has demonstrated adequate sensitivity (91%) and positive predictive value (91%) \[[@CR22]\].

Obstetric and neonatal outcomes {#Sec7}
-------------------------------

Maternal death during hospitalization was directly extracted from the NIS. Obstetric and neonatal outcomes included in this analysis were: cesarean delivery, length of stay (in days and in percentages with stays longer than 6 days) among cesarean and vaginal deliveries, induction of labor (applies to induction by cervical dilation and medical induction of labor), antepartum hemorrhage, placental abruption, postpartum hemorrhage, spontaneous delivery earlier than 37-week gestation, stillbirth, premature rupture of membranes, excessive fetal growth (applies to large-for-dates), poor fetal growth (applies to placental insufficiency and small-for-gestational-age), fetal distress (applies to fetal metabolic acidemia), and fetal abnormality affecting management of mother (including conditions in the fetus that affecting management of mother: central nervous system malformation, chromosomal abnormality, hereditary disease in family possibly affecting fetus, suspected damage to fetus from viral disease/other disease in the mother, suspected damage to fetus from drugs or radiation, decreased fetal movements, and other known or suspected fetal abnormality, not elsewhere classified) (Additional file [1](#MOESM1){ref-type="media"}**:** Table S2).

Covariates {#Sec8}
----------

Covariates including age, race/ethnicity, median household income quartiles for patient zip code, expected primary payer indicating patients' insurance payer, length of stay, and total charges were coded in the NIS. Median household income quartiles for patient zip code provided a quartile classification estimating income of residents based on the year of data collection. Other characteristics (ever smoking, alcohol/substance abuse, non-psychotic depression, pregnancy-related hypertension, pregestational diabetes, preexisting hypertension, infection, and previous cesarean delivery) were abstracted from the same delivery hospitalization record (primary or secondary discharge diagnostic codes) using ICD-9-CM diagnosis codes listed in Additional file [1](#MOESM1){ref-type="media"}**:** Table S2. Hospital characteristics were obtained directly from the NIS, including hospital region, location, bed size, and teaching status.

Statistical analyses {#Sec9}
--------------------

Using weights provided by the datasets, we reported national estimates representing discharges from all US community hospitals. We compared the distributions of sociodemographic, baseline, and hospital characteristics between women with and without psychosis by performing Wald Chi-square and *t*-tests. We calculated odds ratios (ORs) and 95% confidence intervals (CIs) using logistic regression. We fit three consecutive models: 1) unadjusted model; 2) minimally adjusted model with adjustment for *a priori* confounders including maternal age (continuous), race/ethnicity, median household income quartiles, hospital region (Northeast, Midwest, South, West), hospital location (rural or urban), and year as potential confounders; and 3) fully adjusted model with additional adjustment for *a priori* confounders including ever smoking, alcohol/substance abuse, and pregnancy-induced hypertension. We reported adjusted odds ratios (aORs) derived from multivariable logistic regression models. All variables had \<5% missing data except for race/ethnicity. We created missing indicator variables to address missing data for race/ethnicity and median household income quartiles. Total hospitalization charges were adjusted for inflation to reflect 2012 US dollars \[[@CR25]\].

All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA) and SAS-callable SUDAAN software (version 11.0.1, RTI International, Research Triangle, NC, USA). Statistical significance was set at two-sided *P*\<0.05. Some computations were run on the Odyssey cluster supported by the Faculty of Arts & Sciences Division of Science, Research Computing Group at Harvard University.

Sensitivity Analyses {#Sec10}
--------------------

To evaluate the individual effect of schizophrenia (ICD-9-CM: 295.\*\*) and affective psychosis (ICD-9-CM: 296.\*\*) on adverse obstetric and neonatal outcomes, we conducted two sensitivity analyses among women with schizophrenia or women with affective psychosis. The reference group in these two analyses was identical to our main analysis, i.e., women without any psychosis. Considering the small sample size, we did not perform this analysis among women with other psychoses.

Given that multiple birth was associated with a myriad of complications such as preterm labor and fetal growth restriction \[[@CR26]\], we first restricted our analyses to singletons. In a separate analysis, we also adjusted for multiple birth in multivariable regression analyses of all pregnancies including multifetal pregnancies.

Results {#Sec11}
=======

A total of 23,507,597 delivery hospitalizations were included in this study after applying the NIS sampling weights. Among the delivery hospitalizations, 164,261 hospitalizations had a diagnosis of psychosis. The prevalence of psychosis at delivery was 698.76 per 100,000 hospitalizations. More than 90% (92.98%) of our study population were women with a diagnosis of affective psychosis (schizophrenia: *n* = 14,125; affective psychosis: *n* = 152,727; and other psychoses: *n* = 2,387). The prevalence of schizophrenia, affective psychosis, and other psychoses at delivery were 60.09, 649.69, and 10.15 per 100,000 hospitalizations, respectively.

The sociodemographic characteristics are presented in Table [1](#Tab1){ref-type="table"}. Women with psychosis (mean age = 26.58 years) were younger as compared to women without psychosis (mean age = 27.68 years). More than 40% of women with psychosis (42.02%) were in the age group of 12-24 years while only 33.27% of women without psychosis were in this age group. Regarding race/ethnicity, as compared to women without psychosis, women with psychosis were more likely to be White (56.22% vs. 43.99%) or Black (14.97% vs. 11.81%) and less likely to be Hispanic (8.66% vs. 19.48%) or Asian or Pacific Islander (1.07% vs. 4.46%). Approximately one-third of women with psychosis (33.88%) were in the lowest quartile of median household income. The majority of women with psychosis had their medical care paid by Medicare or Medicaid (69.22%). Nearly half of women (50.13%) without psychosis had private insurance as the expected primary payer while this proportion was 25.77% among women with psychosis. Approximately 28.87% of women with psychosis had diagnosis codes for smoking while only 5.05% of women without psychosis had these diagnosis codes. Compared with women without psychosis, women with psychosis were more likely to have alcohol/substance abuse (15.67% vs. 1.46%), non-psychotic depression (16.06% vs. 1.87%), pregnancy-related hypertension (10.55% vs. 7.97%), pre-gestational diabetes (2.81% vs. 0.93%), preexisting hypertension (4.66% vs. 1.99%), infection (7.42% vs. 4.69%), and previous cesarean delivery (17.70% vs. 16.30%).Table 1Baseline characteristics of women with and without psychosis at delivery hospitalizations (*N*=23,507,597)CharacteristicsWomen*P-*valueWith psychosis (*N* = 164,261)Without psychosis (*N* = 23,343,336)n%n%Age, mean (SD), year26.58 (1.89)27.68 (1.73)\<0.0001Age categories, year 12-1811,7077.131,230,6115.27\<0.0001 19-2457,31534.896,536,84428.00 25-2943,57926.536,569,69428.14 30-3431,90619.425,595,82423.97 35-3915,4979.432,758,77411.82 40-554,2582.59651,5902.79Race White92,34156.2210,269,70643.99\<0.0001 Black24,59414.972,756,00311.81 Hispanic14,2178.664,546,58119.48 Asian or Pacific Islander1,7611.071,041,5424.46 Native American1,1180.68176,7960.76 Other4,1152.51979,2294.19 Missing26,11515.903,573,47815.31Median household income quartiles Quartile 1 (poorest)55,64633.886,240,95626.74\<0.0001 Quartile 243,86526.705,759,23224.67 Quartile 336,09321.975,646,07024.19 Quartile 4 (wealthiest)24,84415.135,248,09022.48 Missing3,8122.32448,9881.92Expected primary payer Medicare13,5058.22150,0330.64\<0.0001 Medicaid100,19761.0010,016,50242.91 Private insurance42,33625.7711,702,37050.13 Self-pay3,3872.06735,5013.15 No charge1690.1049,1180.21 Other4,4462.71647,9782.78 Missing2210.1341,8350.18Smoking47,42828.871,179,0215.05\<0.0001Alcohol/substance abuse25,74715.67340,4511.46\<0.0001Non-psychotic depression26,38816.06436,9011.87\<0.0001Pregnancy-related hypertension1732510.5518594377.97\<0.0001Pregestational diabetes4,6092.81217,7480.93\<0.0001Preexisting hypertension7,6594.66463,8221.99\<0.0001Infection12,1877.421,095,3944.69\<0.0001Previous cesarean delivery29,06617.703,804,65816.30\<0.0001Individual cell counts may not add up to the global cell counts because of rounding and the differences arising from variance computations when using the discharge weights.Percentages may not add up to 100% due to rounding or missing data.Abbreviations: *SD* standard deviation

Table [2](#Tab2){ref-type="table"} shows the hospital characteristics. As compared with women without psychosis, women with psychosis at delivery were more likely to reside in the Northeast (19.98% vs. 16.13%) and Midwest region (25.55% vs. 21.33%). No statistically significant difference was found for hospital location (rural or urban) or bed size (small, medium, or large) between women with and without psychosis. A larger proportion of women with psychosis were admitted in a teaching hospital (55.16% vs. 46.71%).Table 2Characteristics of hospitals where women with and without psychosis-hospitalizations being hospitalized (*N*=23,507,597)CharacteristicsWomen*P*-valueWith psychosis (*N* = 164,261)Without psychosis (*N* = 23,343,336)n%n%Region Northeast32,82719.983,764,98216.13\<0.0001 Midwest41,96925.554,979,70821.33 South57,64735.108,867,73337.99 West31,81819.375,730,91324.55Location Rural18,85611.482,592,60811.110.64 Urban143,86787.5820,544,26288.01Bed size Small18,29811.142,503,60810.730.09 Medium38,64523.536,067,53125.99 Large105,78164.4014,565,73362.40Teaching hospital90,59955.1610,902,76446.71\<0.0001Individual cell counts may not add up to the global cell counts because of rounding and the differences arising from variance computations when using the discharge weightsPercentages may not add up to 100% due to rounding or missing data

The frequencies and ORs for obstetric and neonatal outcomes among women with and without psychosis is presented in Table [3](#Tab3){ref-type="table"}. In the fully adjusted models, women with psychosis were more likely to undergo a cesarean delivery (aOR = 1.26; 95% CI: 1.23 - 1.29) and induction of labor (aOR = 1.05; 95% CI: 1.02 - 1.09). The mean length of stay was longer for women with psychosis than for women without psychosis (vaginal delivery: 3.08 days vs. 2.53 days; cesarean delivery: 4.29 days vs. 3.55 days). Women with psychosis were more likely than women without psychosis to experience antepartum hemorrhage (aOR = 1.22; 95% CI: 1.14 - 1.31), placental abruption (aOR = 1.22; 95% CI: 1.13 - 1.32), postpartum hemorrhage (aOR = 1.18; 95% CI: 1.10 - 1.27), premature delivery (aOR = 1.40; 95% CI: 1.36 - 1.46), stillbirth (aOR = 1.37; 95% CI: 1.23 - 1.53), premature rupture of membranes (aOR = 1.22; 95% CI: 1.15 - 1.29), and fetal abnormalities (aOR = 1.49; 95% CI: 1.38 - 1.61). No significant association was observed between psychosis and maternal death during hospitalizations (aOR = 1.00; 95% CI: 0.30 - 3.31). Offspring of women with psychosis were more likely to experience poor fetal growth (aOR = 1.26; 95% CI: 1.19 - 1.34) and fetal distress (aOR = 1.14; 95% CI: 1.10 - 1.18) as compared to offspring of women without psychosis. However, there was no evidence of a statistically significant association between psychosis and excessive fetal growth (aOR = 1.06; 95% CI: 0.98 - 1.14). Apart from the aforementioned obstetric and neonatal outcomes, women with psychosis had larger total charges (\$16,332 vs. \$13,710 US dollars).Table 3Obstetric and neonatal outcomes among women with and without psychosis during delivery hospitalizations (*N*=23,507,597)Obstetric and neonatal outcomesWomenOR (95% CI)With psychosis (*N* = 164,261)Without psychosis (*N* = 23,343,336)UnadjustedAdjusted^a^Adjusted^b^n%n%Death during hospitalizations190.011,4680.011.82 (0.67, 4.92)1.31 (0.42, 4.14)1.00 (0.30, 3.31)Cesarean delivery62,49638.057,718,43433.061.24 (1.21, 1.28)1.31 (1.28, 1.35)1.26 (1.23, 1.29)Length of stay, mean (SE), dayVaginal birth3.08 (0.10)2.53 (0.01)NANANACesarean delivery4.29 (0.07)3.55 (0.02)NANANALength of stay \>6 dayVaginal birth2430.159,5260.044.12 (3.02, 5.63)4.03 (2.94, 5.52)3.19 (2.56, 4.50)Cesarean delivery4,8002.92245,4161.052.53 (2.35, 2.74)2.46 (2.27, 2.66)2.14 (1.98, 2.32)Induction of labor32,87620.014,247,66618.201.13 (1.09, 1.17)1.05 (1.02, 1.09)1.05 (1.02, 1.09)Antepartum hemorrhage4,1382.52356,8211.531.67 (1.55, 1.79)1.67 (1.55, 1.79)1.22 (1.14, 1.31) Placental abruption3,1271.90246,7681.061.82 (1.68, 1.97)1.75 (1.62, 1.90)1.22 (1.13, 1.32)Postpartum hemorrhage5,4603.32654,0432.801.19 (1.11, 1.28)1.22 (1.13, 1.31)1.18 (1.10, 1.27)Spontaneous delivery \<37-week gestation20,05912.211,692,6517.251.78 (1.71, 1.85)1.75 (1.68, 1.82)1.40 (1.36, 1.46)Stillbirth1,8111.10153,0450.661.69 (1.52, 1.88)1.64 (1.47, 1.82)1.37 (1.23, 1.53)Premature rupture of membranes8,3185.06904,6793.881.32 (1.25, 1.40)1.31 (1.24, 1.39)1.22 (1.15, 1.29)Excessive fetal growth3,8072.32609,1422.610.89 (0.82, 0.96)0.91 (0.85, 0.98)1.06 (0.98, 1.14)Poor fetal growth6,6684.06507,2692.171.91 (1.79, 2.03)1.75 (1.65, 1.86)1.26 (1.19, 1.34)Fetal distress28,28217.223,342,43014.321.25 (1.20, 1.29)1.21 (1.17, 1.26)1.14 (1.10, 1.18)Fetal abnormalities4,3802.67337,9781.451.87 (1.73, 2.01)1.83 (1.70, 1.97)1.49 (1.38, 1.61)Abbreviations: *SE* standard error, *OR* odds ratio, *CI* confidence interval^a^Adjusted for maternal age (continuous), race, median household income quartiles, hospital location, hospital region, and year^b^Further adjusted for ever smoking, alcohol/substance abuse, and pregnancy-related hypertension

In our sensitivity analysis for women with schizophrenia (Table [4](#Tab4){ref-type="table"}), the unadjusted odds ratios were higher for the majority of the outcomes as compared to the analysis that included all women. After further adjustment for smoking, alcohol/substance abuse, and pregnancy-related hypertension, schizophrenia was statistically significantly associated with cesarean delivery (aOR = 1.16; 95% CI: 1.08 - 1.25), hospital stays of more than 6 days (cesarean delivery: aOR = 3.01; 95% CI: 1.11 - 8.13; vaginal delivery: aOR = 2.33; 95% CI: 1.86 - 2.93), placental abruption (aOR = 1.34; 95% CI: 1.06 - 1.68), premature delivery (aOR = 1.42; 95% CI: 1.26 - 1.59), premature rupture of membranes (aOR = 1.31; 95% CI: 1.12 - 1.53), fetal distress (aOR = 1.13; 95% CI: 1.03 - 1.25), and fetal abnormalities (aOR = 1.34; 95% CI: 1.08 - 1.66). However, no statistically significant associations were found of schizophrenia with death during hospitalizations (aOR = 2.23; 95% CI: 0.30 - 16.80), induction of labor (aOR = 0.98; 95% CI: 0.89 - 1.09), antepartum hemorrhage (aOR = 1.18; 95% CI: 0.96 - 1.46), postpartum hemorrhage (aOR = 1.09; 95% CI: 0.89 - 1.34), stillbirth (aOR = 1.28; 95% CI: 0.94 - 1.74), excessive fetal growth (aOR = 0.87; 95% CI: 0.66 - 1.14), or poor fetal growth (aOR = 1.10; 95% CI: 0.91 - 1.33).Table 4Obstetric and neonatal outcomes among women with and without schizophrenia during delivery hospitalizations (*N*=23,357,461)Obstetric and neonatal outcomesWomenOR (95% CI)With schizophrenia (*N* = 14,125)Without psychosis (*N* = 23,343,336)UnadjustedAdjusted^a^Adjusted^b^n%n%Death during hospitalizations≤10 ^c^0.041,4680.015.15 (0.73, 36.61)3.21 (0.45, 23.11)2.23 (0.30, 16.80)Cesarean delivery5,54439.257,718,43433.061.31 (1.22, 1.41)1.22 (1.13, 1.31)1.16 (1.08, 1.25)Length of stay, mean (SE), day Vaginal birth3.55 (0.48)2.53 (0.01)NANANA Cesarean delivery4.66 (0.19)3.55 (0.02)NANANALength of stay \>6 day Vaginal birth250.189,5260.044.73 (1.93, 11.59)3.86 (1.58, 9.41)3.01 (1.11, 8.13) Cesarean delivery5473.87245,4161.053.34 (2.70, 4.12)2.71 (2.19, 3.36)2.33 (1.86, 2.93)Induction of labor2,44417.304,247,66618.200.93 (0.85, 1.03)0.97 (0.88, 1.07)0.98 (0.89, 1.09)Antepartum hemorrhage4222.99356,8211.531.98 (1.61, 2.44)1.74 (1.41, 2.15)1.18 (0.96, 1.46) Placental abruption3552.51246,7681.062.43 (1.93, 3.04)2.08 (1.66, 2.62)1.34 (1.06, 1.68)Postpartum hemorrhage4463.16654,0432.801.14 (0.93, 1.39)1.13 (0.93, 1.39)1.09 (0.89, 1.34)Spontaneous delivery \<37-week gestation2,02214.321,692,6517.252.14 (1.92, 2.39)1.85 (1.65, 2.06)1.42 (1.26, 1.59)Stillbirth1921.36153,0450.662.09 (1.54, 2.83)1.62 (1.19, 2.19)1.28 (0.94, 1.74)Premature rupture of membranes8035.68904,6793.881.50 (1.28, 1.76)1.44 (1.24, 1.69)1.31 (1.12, 1.53)Excessive fetal growth2371.68609,1422.610.64 (0.49, 0.84)0.72 (0.55, 0.95)0.87 (0.66, 1.14)Poor fetal growth5603.96507,2692.171.86 (1.54, 2.24)1.61 (1.33, 1.94)1.10 (0.91, 1.33)Fetal distress2,59018.343,342,43014.321.34 (1.22, 1.49)1.22 (1.11, 1.35)1.13 (1.03, 1.25)Fetal abnormalities3732.64337,9781.451.85 (1.50, 2.28)1.75 (1.41, 2.16)1.34 (1.08, 1.66)Abbreviations: *SE* standard error, *OR* odds ratio, *CI* confidence interval^a^Adjusted for maternal age (continuous), race, median household income quartiles, hospital location, hospital region, and year^b^Further adjusted for ever smoking, alcohol/substance abuse, and pregnancy-related hypertension^c^HCUP privacy protection requirements do not allow the reporting of data where there are less than or equal to 10 individual records in a given cell

Compared with the main analysis (Table [3](#Tab3){ref-type="table"}), the results were largely similar in the sensitivity analysis for women with affective psychosis (Table [5](#Tab5){ref-type="table"}) except for excessive fetal growth. Infants born to women with affective psychosis were at increased risk for excessive fetal growth (aOR = 1.08; 95% CI: 1.00 - 1.16). The proportion of multiple birth among women with and without psychosis was 1.87% and 1.83%, respectively. Our two methods (restricting to singletons or controlling for multiple birth) in an attempt to explore the effect of multiple birth did not materially alter the reported effect estimates (Additional file [1](#MOESM1){ref-type="media"}: Table S3, Table S4).Table 5Obstetric and neonatal outcomes among women with and without affective-psychosis during delivery hospitalizations (*N*=23,507,597)Obstetric and neonatal outcomesWomenOR (95% CI)With affective-psychosis (*N* = 152,727)Without psychosis (*N* = 23,343,336)UnadjustedAdjusted^a^Adjusted^b^n%n%Death during hospitalizations≤10 ^c^0.011,4680.011.96 (0.72, 5.29)1.49 (0.47, 4.66)1.13 (0.34, 3.74)Cesarean delivery58,05738.017,718,43433.061.24 (1.21, 1.28)1.33 (1.29, 1.36)1.27 (1.24, 1.30)Length of stay, mean (SE), day Vaginal birth3.09 (0.10)2.53 (0.01)NANANA Cesarean delivery4.28 (0.07)3.55 (0.02)NANANALength of stay \>6 day Vaginal birth2190.149,5260.044.00 (2.87, 5.58)3.98 (2.84, 5.56)3.10 (2.15, 4.47) Cesarean delivery4,3292.83245,4161.052.45 (2.26, 2.66)2.41 (2.22, 2.62)2.11 (1.94, 2.29)Induction of labor31,09920.364,247,66618.201.14 (1.10, 1.18)1.06 (1.02, 1.10)1.05 (1.02, 1.09)Antepartum hemorrhage3,8072.49356,8211.531.65 (1.53, 1.77)1.67 (1.55, 1.79)1.22 (1.14, 1.31) Placental abruption2,8351.86246,7681.061.76 (1.69, 1.84)1.72 (1.58, 1.87)1.20 (1.11, 1.31)Postpartum hemorrhage5,0393.30654,0432.801.18 (1.10, 1.27)1.21 (1.12, 1.30)1.17 (1.09, 1.26)Spontaneous delivery \<37-week gestation18,50612.121,692,6517.251.78 (1.71, 1.85)1.75 (1.68, 1.82)1.41 (1.36, 1.46)Stillbirth1,6271.07153,0450.661.63 (1.46, 1.82)1.61 (1.44, 1.80)1.35 (1.20, 1.51)Premature rupture of membranes7,7015.04904,6793.881.32 (1.24, 1.40)1.31 (1.23, 1.39)1.22 (1.14, 1.29)Excessive fetal growth3,6282.38609,1422.610.91 (0.84, 0.98)0.93 (0.86, 1.01)1.08 (1.00, 1.16)Poor fetal growth6,2294.08507,2692.171.92 (1.80, 2.04)1.76 (1.66, 1.87)1.27 (1.19, 1.35)Fetal distress26,24017.183,342,43014.321.24 (1.19, 1.29)1.21 (1.17, 1.26)1.14 (1.10, 1.18)Fetal abnormalities4,0672.66337,9781.451.86 (1.72, 2.02)1.83 (1.69, 1.98)1.49 (1.38, 1.61)Abbreviations: *SE* standard error, *OR* odds ratio, CI confidence interval^a^Adjusted for maternal age (continuous), race, median household income quartiles, hospital location, hospital region, and year^b^Further adjusted for ever smoking, alcohol/substance abuse, and pregnancy-related hypertension^c^HCUP privacy protection requirements do not allow the reporting of data where there are less than or equal to 10 individual records in a given cell

Discussion {#Sec12}
==========

Using a nationally representative inpatient health care database, we observed that psychosis was associated with adverse outcomes including cesarean delivery, longer length of hospital stays, induction of labor, antepartum hemorrhage, placental abruption, postpartum hemorrhage, preterm delivery, and premature rupture of membranes. Infants born to mothers with psychosis were at higher risk of stillbirth, poor fetal growth, fetal distress, and fetal abnormalities. Similar results were seen among women with affective psychosis. Newborns of women with affective psychosis were also at greater risk for excessive fetal growth. After adjusting for potential confounders including smoking, alcohol/substance abuse, and pregnancy-related hypertension, schizophrenia was statistically significantly associated with cesarean delivery, hospital stays of more than 6 days, placental abruption, premature delivery, premature rupture of membranes, fetal distress, and fetal abnormalities. Schizophrenia, however, was not associated with increased risk of induction of labor and postpartum hemorrhage.

Schizophrenia presents a higher risk for several adverse obstetric and neonatal outcomes, although the evidence is inconclusive. A meta-analysis \[[@CR27]\] of 14 early case-control studies found that offspring of mothers with schizophrenia had elevated risk of low birthweight, stillbirth, and fetal or neonatal deaths although the effect size was small (mean correlation = 0.115). Similarly, Bennedsen's review \[[@CR7]\] suggested that childbearing women with schizophrenia had an increased risk of low birthweight and intrauterine growth retardation. A more recent meta-analysis indicated an almost twofold higher risk of stillbirth or fetal death among offspring of women with schizophrenia \[[@CR10]\]. Several population-based studies have produced more clear-cut evidence. In Denmark, Bennedsen et al. \[[@CR28], [@CR29]\] found a significantly increased risk for preterm birth (relative risk \[RR\] = 1.46; 95% CI: 1.19 - 1.79), low birth weight (RR = 1.57; 95% CI: 1.36 - 1.82), and small-for-gestational age (RR = 1.34, 95% CI: 1.17 - 1.53) among women with schizophrenia. Children of women with schizophrenia had a marginally, statistically significant increase in the risk of congenital malformations. No significant increased risk of stillbirth or neonatal death was reported. However, the authors did not account for socioeconomic status, smoking, substance abuse, and psychotropic medication use in their analysis. Nilsson et al. \[[@CR30]\] observed significantly increased risk of preterm delivery (aOR = 1.4; 95% CI: 1.2 - 1.7) and low birthweight (aOR = 1.3; 95% CI: 1.1 - 1.6), and the risk was particularly high in women admitted to hospital for schizophrenia during pregnancy. Controlling for smoking and other maternal factors (single motherhood, maternal age, parity, education, country of birth, and pregnancy-induced hypertensive diseases) reduced the risk estimates markedly. Jablensky et al. \[[@CR12]\] found that Australian women with schizophrenia were significantly more likely to have placenta abruption (aOR = 3.17; 95% CI: 1.55 - 6.49) and to give birth to infants in the lowest weight/growth decile (aOR = 1.38; 95% CI: 1.00 - 1.90) after adjusting for maternal age, marital status, parity, aboriginality, and infant sex. No significant association was found for stillbirth, neonatal death, or fetal abnormalities although adjusted models were not present. Lin et al using a population-based dataset \[[@CR31]\] in Taiwan found that women with schizophrenia had increased risk of delivery babies with low birthweight and small-for-gestational-age, irrespective of antipsychotics use during pregnancy after adjusting for maternal and paternal socioeconomic status, parity, hypertension, diabetes, and infant sex. Within a universal healthcare system in Canada, Vigod et al. \[[@CR11]\] reported that infants born to women with schizophrenia were at higher risk of preterm birth (aOR = 1.75; 95% CI: 1.46 - 2.08), small-for-gestational-age (aOR = 1.49; 95% CI: 1.19 - 1.86), large-for-gestational-age (aOR = 1.53; 95% CI: 1.17 - 1.99), placental abruption (aOR = 1.98, 95% CI: 1.33 - 2.96), induction of labor (aOR = 1.35, 95% CI: 1.20 - 1.52), and cesarean delivery (aOR = 1.45, 95% CI: 1.29 - 1.62) with adjustment for maternal age, income quintile, parity, infant sex, and pre-existing diabetes and hypertension. The findings from our study confirmed that women with schizophrenia are at higher risk of preterm delivery as indicated by previous studies. However, with a considerably large sample size, we found no evidence of statistically significant associations of schizophrenia with poor fetal growth or stillbirth after adjustment for confounders including maternal smoking status.

Little is known about the effects of affective psychosis on pregnancy outcomes \[[@CR9]\]. Using a national population cohort in Sweden, MacCabe et al. found that infants born to mothers with affective psychosis had an increased risk of low birth weight (OR = 2.22; 95% CI: 1.31 - 3.76), small-for-gestational-age (OR = 2.36; 95% CI: 1.34 - 4.16), and preterm birth (OR = 2.67; 95% CI: 1.71 - 4.17). The increased risk could not be accounted for by maternal sociodemographic characteristics, parity, smoking, and pregnancy-related hypertension. Jablensky et al. \[[@CR12]\] investigated maternal affective psychosis (bipolar disorder and unipolar depression) as separate exposure categories. After adjustment for confounders, women with bipolar disorder were at higher risk for antepartum hemorrhage (aOR = 1.60; 95% CI: 1.11 - 2.32) while women with unipolar depression had increased risk of fetal distress (aOR = 1.27; 95% CI: 1.03 - 1.56). No significant association (unadjusted) was found for stillbirth, neonatal death, or fetal abnormalities among women with bipolar disorder or unipolar depression. In the current study, significantly increased risk was found for all outcomes except for death during hospitalizations. MacCabe et al. have demonstrated that the risk for adverse outcomes was greatest in mothers receiving hospital treatment for affective psychosis during pregnancy compared to women with a lifetime history of affective psychosis or women who were admitted for affective psychosis any time before birth \[[@CR9]\]. The fact that diagnosis codes for psychosis and obstetric and neonatal outcomes were extracted from the same delivery hospitalizations might explain these statistically robust associations. A modest statistically significant increased risk for excessive fetal growth (aOR = 1.08; 95% CI: 1.00 - 1.16) was found in our study for women with affective psychosis. Neither of these two studies \[[@CR9], [@CR12]\] assessed the association of affective psychosis with excessive fetal growth. However, a recent study suggests that there might be an association between schizophrenia and excessive fetal growth \[[@CR11]\]. A higher risk of large-for-gestational-age has been found in mothers with schizophrenia \[[@CR11]\], which might be due to *in utero* exposure to atypical antipsychotics \[[@CR32]\] and the predisposition of women with schizophrenia to metabolic syndrome and metabolic abnormalities such as preconception diabetes or gestational diabetes \[[@CR11], [@CR33]--[@CR36]\].This finding concerning excessive fetal growth among offspring of women with affective psychosis deserves to be investigated in future research, and possible mechanisms should be explored. Further, there may be merits to studying whether maternal psychosis is associated with increased long-term risk of metabolic syndrome in offspring.

An elevated risk for fetal abnormalities was observed for women with psychosis, schizophrenia, and affective psychosis in our analyses. The increased risk of fetal abnormalities among offspring of women with schizophrenia has been speculated to be related to the use of antipsychotics medications during pregnancy \[[@CR28]\]. However, several reviews \[[@CR37], [@CR38]\] have not implicated any specific antipsychotic medication as teratogen \[[@CR5]\]. The absence of information pertaining to maternal use of medication in the NIS prohibited our evaluation of the independent and joint associations of psychosis and medication use/withdrawal on obstetric and neonatal outcomes.

A combination of socioeconomic, behavioral, genetic factors and comorbid medical conditions, and environmental factors may explain the higher risk of adverse obstetric and neonatal outcomes among women with psychosis \[[@CR8], [@CR10]\]. Women with psychosis tend to live in poor socioeconomic conditions, lack social support, and have unwanted pregnancies \[[@CR7], [@CR11], [@CR28]\]. They are known to have worse health behaviors, such as smoking, substance abuse, poor diet, and lack of exercise \[[@CR7], [@CR8]\]. In addition, psychosis has been shown to impair a patient's ability to seek appropriate medical care, recognize physical symptoms or warning signs, and be compliant with treatment \[[@CR8]\]. Women with psychotic disorders are less likely to seek prenatal care \[[@CR39]\] and may avoid psychiatric care during pregnancy \[[@CR8], [@CR39]\]. Investigators have also speculated that women with psychosis are at increased genetic risk for developing adverse obstetric and neonatal outcomes considering its high heritability and possible neurodevelopmental origins *in utero* \[[@CR7], [@CR11], [@CR40], [@CR41]\]. Furthermore, patients with psychosis, specifically those exposed to antipsychotics, have significantly higher rates of metabolic complications such as hypertension and diabetes \[[@CR8], [@CR39]\]. These metabolic complications could also be present in pregnancy, manifesting in higher rates of pregnancy related hypertensive disorders and gestational diabetes \[[@CR8], [@CR11], [@CR34]\]. Infection and inflammation also have a critical role in psychosis \[[@CR42]\], which has been shown to be associated with various adverse obstetric and neonatal outcomes \[[@CR43]--[@CR45]\]. Although the causal mechanisms are not well-established, some posit that environmental factors, such as seasonality which relates to sun-derived vitamin D, might be another potential explanation for the observed associations. The main source of vitamin D is sunlight-induced synthesis in the skin \[[@CR46]\]. Therefore, vitamin D shows a natural fluctuation throughout the year (i.e., seasonality), with maternal vitamin D insufficiency more likely to occur during winter due to the reduced winter photoperiod in regions with less winter sunlight \[[@CR47]--[@CR52]\]. Vitamin D deficiency has been linked with psychosis \[[@CR48], [@CR50], [@CR53]--[@CR56]\]. In addition, vitamin D regulates placental development and function, and can influence critical components of early brain development, suggesting that maternal vitamin D deficiency may be associated with adverse outcomes of pregnancy including miscarriage, preeclampsia, and preterm birth \[[@CR57], [@CR58]\].

In our analysis, women with psychosis were in poorer socioeconomic conditions and had a higher prevalence of smoking, alcohol/substance abuse, pregnancy-related hypertension, preexisting hypertension, pregestational diabetes, and infection. We have shown that poor socioeconomic conditions, worse health behaviors, and comorbid medical conditions were very likely to be responsible for the increased risk of adverse pregnancy outcomes among women with schizophrenia and, to a lesser degree, among women with affective psychosis \[[@CR12]\]. However, the increased risk for adverse obstetric and neonatal outcomes was not fully explained by these factors, especially for women with affective psychosis. Future studies are needed to consider other genetic and environmental factors. Special attention should be paid to women with affective psychosis, an understudied population with increased risk of many adverse obstetric and neonatal outcomes that were not accounted for by socioeconomic and behavioral factors.

The major strengths of our study included the considerably large sample size and adjustment for important covariates including smoking, alcohol abuse, substance abuse, and pregnancy-related hypertension. The large sample size not only represented the general US pregnant population at delivery but also provided ample statistical power. We also presented separate results for affective psychosis. However, several limitations are noteworthy. The cross-sectional design limited our ability to establish causal relation and temporality between psychosis and adverse obstetric and neonatal outcomes. Although adverse pregnancy outcomes, such as perinatal death, congenital malformations, preterm birth, might be triggering factors of psychosis \[[@CR24]\], these adverse outcomes were not likely to cause incident psychosis in our dataset considering that new-onset psychosis in pregnancy was exceptionally rare \[[@CR59]\] and the mean length of delivery hospital stay in this study population was three days. In addition, we had no information on the time of disease onset and disease severity during pregnancy. Previous studies have suggested that the time of disease onset and case ascertainment in relation to childbirth is critical \[[@CR12], [@CR30]\]. Women admitted to hospital for schizophrenia during pregnancy were at particularly high risk for adverse obstetric and neonatal outcomes as compared to those who developed schizophrenia before pregnancy \[[@CR12], [@CR30]\]. We were not able to replicate this finding, which could be important to understand the cause of reproductive pathology in women with psychosis \[[@CR12]\]. Also, some important reproductive characteristics were not included in the NIS dataset, including parity and gestational age. Furthermore, we used the ICD-9-CM codes to identify psychosis, obstetric and neonatal outcomes, and covariates. These diagnosis codes, which were coded for administrative and billing purposes, may not capture the quality of data desired for research purpose. For example, lifetime smoking status was defined by a set of diagnosis codes that applied to tobacco use disorder and personal history of tobacco use, which was very likely to be underreported. A lack of exact data on smoking could lead to residual confounding. Besides, the ICD-9-CM codes used to identify psychosis included psychosis in remission (1.39%), which may result in an underestimation of the associations between psychosis and adverse outcomes.

Conclusion {#Sec13}
==========

In conclusion, we observed that women with psychosis had elevated risk of adverse obstetric and neonatal outcomes. Therefore, it is important to raise awareness among clinicians of the increased risk of adverse obstetric and neonatal outcomes among these women. Coordinated antepartum care involving obstetric and psychiatric services providers may optimally manage maternal psychotic symptoms and contribute to improved obstetric and neonatal outcomes among this high-risk group of patients \[[@CR8]\]. Special attention should be paid to women with affective psychosis. Women with affective psychosis have increased risk of several adverse obstetric and neonatal outcomes that are not accounted for by socioeconomic and behavioral factors. Future research on other genetic and environmental factors is warranted to elucidate the mechanisms underlying these associations. Behavioral health and medical interventions that target modifiable risk factors, such as smoking, hypertension, and diabetes, may be indicated for pregnant women with schizophrenia \[[@CR11]\].
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